The aim of this study was to evaluate and compare procalcitonin levels of patients diagnosed with chronic rhinosinusitis (CRS) with nasal polyposis (CRSwNP) and CRS without nasal polyposis (CRSsNP) along with healthy controls.
Introduction
Nasal polyps are characterized by chronic mucosal inflammation caused by inappropriate or exaggerated response to different immunological stimuli or external environmental triggers resulting in dysregulated interaction between the sinus epithelium and the lymphoid system (1, 2) . Coexistence of nasal polyps and chronic sinus disease is called chronic rhinosinusitis (CRS) with nasal polyposis (CRSwNP) (1) . Chronic mucosal inflammation may also present as CRS without nasal polyposis (CRSsNP) (1) (2) (3) (4) (5) (6) . There is a significant overlap between chronic rhinosinusitis and a broad spectrum of inflammatory respiratory diseases. CRSwNP is typically associated with other respiratory diseases such as Aspirin-Exacerbated Respiratory Disease (AERD), or Non-Steroidal Anti-Inflammatory Drug-Exacerbated Respiratory Disease (NERD), and idiopathic bronchiectasis or comorbid asthma (7) (8) (9) (10) . Procalcitonin, which is a peptide precursor of calcitonin, is an indicator of inflammation, and an important acute phase protein used to diagnose bacterial infection and sepsis (11) (12) (13) (14) .
The aim of this study was to evaluate and compare procalcitonin levels of patients diagnosed with CRSwNP and CRSsNP along with healthy controls.
Methods
This study was conducted between March 2016 and July 2017 at an otolaryngology clinic of a tertiary academic center. The study was approved by the Ege University Institutional Review Board (IRB approval no: 18-12T/21). Informed consent was obtained from all subjects.
A total of 67 subjects were included. Twenty-two CRSwNP patients were included in group A, 25 CRSsNP patients in group B and the control group (group C) consisted of 20 healthy subjects. All patients met the chronic rhinosinusitis criteria endorsed by the European Rhinologic Society (1).
Presence of acute infection, pregnancy, history of chronic inflammatory disease, pediatric age and history of malignancy were the exclusion criteria. Patients with conditions associated with high procalcitonin levels, such as active infection, hypothyroidism, hyperthyroidism, end stage chronic kidney disease, chronic liver disease, chronic intestinal disease and chronic obstructive pulmonary disease, were also excluded. Procalcitonin levels were assessed after CRSwNP and CRSsNP diagnosis. The control subjects were recruited from among the healthy individuals scheduled for septorhinoplasty, and their procalcitonin levels were measured along with other routine blood tests during preoperative anesthesia evaluation. Nasal polyposis was graded according to the Meltzer Clinical Scoring System (0=no polyps, 1=polyps confined to the middle meatus, 2=multiple polyps occupying the middle meatus, 3=polyps extending beyond the middle meatus, 4=polyps completely obstructing the nasal cavity). The relationship between procalcitonin levels and nasal polyp grade was also evaluated.
Statistical Analysis
Statistical Package for Social Sciences version 22.0 (IBM Corp.; Armonk, NY, USA) was used for statistical analysis. Independent and paired-sample t-tests were used for the analysis of parametric variables, while Wilcoxon and Mann-Whitney U tests were used for the analysis of nonparametric variables based on the distribution pattern of the data. The Shapiro-Wilk test was used to test the normality of the data. The distribution of the groups was nonparametric. Correlation analysis was performed via Pearson or Spearman correlation analysis based on the distribution pattern of the data. A p-value less than 0.05 was considered statistically significant.
Results
The mean age was 37.73±15.21 years (range 18-75 years), 43.80±15.67 years (range 21-68 years) and 35.16±15.67 years (range 19-79 years) in groups A, B and C respectively. Of the 67 subjects, 24 were male and 43 were female. The groups did not differ significantly regarding gender frequency (p>0.05).
The mean procalcitonin levels of patients of groups A, B and C were 0.042±0.020, 0.031±0.016 and 0.031±0.010, respectively ( Table 1) . Mean procalcitonin levels were significantly higher in group A compared to groups B and C (p=0.05 and p=0.032). However, mean procalcitonin levels didn't significantly differ between group B and group C (p=0.962).
Two patients (9.1%) had underlying Samter's syndrome in Group A. Four patients (18%) had grade 1, three had (%13.6) grade 2, eight had (36.4%) grade 3, and seven had (31.8%) grade 4 polyposis. Mean procalcitonin levels for grade 1, 2, 3 and 4 polyposis were 0.045±0.030, 0.037±0.006, 0.041±0.021 and 0.043±0.019, respectively. No statistical significance was present regarding the mean procalcitonin levels of polyposis grades (p>0.05).
Discussion
The pathophysiology of chronic rhinosinusitis is still poorly understood. Many factors including allergens, toxins, bacteria, fungi, genetic predisposition, imbalance of the local or the systemic immune system, and changes in the microbiota have all been proposed as the underlying pathology (1) . Chronic sinusitis is divided into two major subgroups according to the clinical findings obtained in nasal endoscopic examination and computed tomography (CT) scans: CRSwNP and CRSsNP (1, 15) . Nasal polyps exhibit proinflammatory mediators such as leukotrienes, cytokines and extensive B cell infiltrates with local IgA, IgE and IgG production (16). Derycke et al. (17) reported that helper T cells and sinonasal mucosa inflammation were significantly higher in patients with CRSwNP compared to CRSsNP and controls.
It is well known that procalcitonin levels increase significantly in the presence of bacteremia and sepsis (18) (19) (20) . Although procalcitonin is primarily used to help guide physicians to support the presence of bacterial infections, previous research has reported slightly elevated procalcitonin levels during localized bacterial infection and viral infection (21) . Additionally, authors of this study have previously reported significantly higher procalcitonin levels in idiopathic sudden sensorineural hearing loss patients compared to healthy individuals (22) .
The aim of this study was to investigate whether there was a relationship between procalcitonin levels and presence of CRSwNP or CRSsNP. Many proinflammatory mediators and cytologic investigations were reported. However, to date only one study assessed procalcitonin levels in patients with nasal polyps. Bilici et al. (23) reported significantly higher procalcitonin levels (1319.5 pg/mL vs. 818.8 pg/mL) in CRSwNP patients compared to CRSsNP patients with a cut-off value of 950 pg/mL (area under curve: 0.860). This study is the first to compare procalcitonin levels in CRSwNP and CRSsNP patients with healthy controls. Significantly higher procalcitonin levels in CRSwNP compared to both the CRSsNP and the control groups support the inflammatory hypothesis in CRSwNP patients. High procalcitonin levels in patients with nasal polyps and chronic rhinosinusitis may support bacterial etiology and chronic mucosal inflammation. According to recent studies there is indirect evidence regarding exposure to staphylococcal exotoxins in CRSwNP patients (17, 24, 25) . Staphylococcal exotoxins have the potential to act as superantigens and directly stimulate a massive inflammatory response. Wang et al. (25) reported the presence of superantigen toxins in 14 of 29 patients with CRSwNP, with SEB and TSST-1 being the most common antigens. Elevated procalcitonin levels further support the etiology of bacterial infection.
Aspirin-exacerbated respiratory disease (AERD), also referred to as Samter's syndrome, consists of hypersensitivity to non-steroidal anti-inflammatory drugs, nasal polyposis and asthma which is characterized by eicosanoid imbalance. Nasal polyps of these patients are intensely eosinophilic. Additionally, CT findings of Sampter's syndrome patients almost universally reveal complete or near-complete opacification of the paranasal sinuses (26, 27) . The intense inflammatory nature of CRSwNP patients with Samter's syndrome wasn't associated with procalcitonin levels in this study. However, the results do not suffice to draw a conclusion because of the very limited sample size of CRSwNP patients with Samter's syndrome.
The major limitation of this study may be the small sample size and the lack of cytologic examination. Correlation with cytologic data and procalcitonin levels may be another area of future research. At this stage, the clinical applications for monitoring procalcitonin levels in nasal polyposis patients are limited; however, higher levels may give an idea about persistent and recurrent diseases as procalcitonin supports the proinflammatory nature of this disease.
Conclusion
Procalcitonin, which is an important inflammatory marker especially in sepsis and systemic inflammation, is significantly elevated in CRSwNP patients compared to CRSsNP patients and healthy controls. This may support the presence of chronic mucosal inflammation in CRSwNP patients. Nevertheless, procalcitonin is an indirect marker of inflammation and further studies with larger patient groups are warranted.
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